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Abstract {

Many people concerned with the roctification of oblique shotogradhy

.
have been interested in the application of =lecironi. irrage 3scanning for great-

3

er versatility and more general restifying transforreations.  Advancoes in

corrponents and techniques have made!/thiz asproach feasible.

P L, R .
{he axoroach to the problam unlcr conzidaration was to utilize tcoch-
P

niques which, while lin:ited to 'one typg of rectifying transforr.ation, wcild

T
]

be versatile in application. This require. the arzplication »f cathod ray

i
|

tubes for scanning since they are not lirmiteid to constant spot velocity line
‘ !

scanz. Incremental digital con*p.%ati%n iz ariployed for greater acc racy.
lntroduction |
Fbr mahy serial zorveying procied».tr.z.,,, the ideal nhotogranh is a t;a\m

|
vertical view; all »bjects at the grounci daturr plane appear at the zame scale.
Aircraft motion caunses the majority of cam-era views to be slightly tilted,
For many years, the photograjrr-.metri:%t has removed the tilt effzct during

1

projection printing. The printer lens plane and print easel arc tilted to

compensite for image scale variation. This is illustrated in Figure 1 where |
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the grid in the negative slane indicates the effect of camera tilt »n a photo-
graph of a rectang:lar grid, Co ' FT.

{oday, photn recannais ance i 3oue: additional requircrant. inirrage
rortificaiion. rhi. arises becgause photogranh. obtained by the rrilitary are
Got, ior the oo oari, vertical, but are mor. Lkely to be of the panoramiv,
hieh- :blighe, or oxtrew ely high-altitodiz type.  his type of photograch re-
¢ 1re o Xemneive rectification in orderiio wransicri ab intc a constant scale,
x~hich is o andatory for incelligence dala patheriag and the rralting of :3‘0.31’1&:‘
“an. of enemy ferrain.  Che conventional nrojection rectidicr ha. not proven .
atisfacrory for he larce varisty of inage transformation. alies regiired by
the 1ilitary an., cherctore, coneviderable effort has been analied to newar
« ethos ..o he ro cuification of panorarinc, high-oblique, and . xiroir oly high=-:
altitos shotoprashy acquired with ceveral tyoew of cameraus has pDeconie &
Sreining Teqoirornent in reconnais sancs today.

This paper will present onc aporoach to the design of equipment direct- -
o0 toward increasing the ranse of rectifying transformation while sreserviag
iruage detail and placer-ent aconracy. The operation of this equipment is il
lustrated in Figure 2. A distorted aerial photo is scanned to convert the in -
age to a video signal. The irage is transfornecd, reproduced and printad.
The relation between reading and printing scan patterns determines the trans-
formation in {rmage geometry. The grid in the negative or reading plane
shown in Figure 2 illustrates a panoramic photograph of a rectangular grid.
An engineering maodel has been built to prove the feasibility of :his'mqthod of

rectification. The principal features of this equipment are versatility and
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high resolution. The riachine iv controlled by a punched tane that ha: been
srogrammed to conan.and the relative pcanning pattern.  The resolotion of

the arinted image {relative to the scale of the original negative) i 3. nhato-

crashic lins - v o cdlin sier,

aco ation by Scanning
cam oo aicplays are often distorte. for o secial eifect by varyiag the
rolative 3icaup and di:olay scanning paliern-. ith a fixeu patiorn Jdisplay,

the - anning carr-era can cavse che irnage to be rowatew anc sircicheu oany:

ILLEGIB way . Ly acaptine thi fechniave to rectification, a fixed uixonlay sattern is C s

for aisnlaying and srinting the iznare hav been

shotesrashas ragairen.onts.

ht ractificd orint is exposed ing sucession of narrow congiruces
AT, ack civin is of equaliwizith and lengih and iy con 205240 0i a raster
of line .cans which are developeu ints a <trip by optically and rechanically e
iran-lating the line scan irmage from the ariating xinescopa {refer o Figure :

2). The flying spot dizplay on’'a'cathote ray tibe i3 optically red:ced to im-
srove the resoi;;tion of the image. To insurs that exposare tins is constant
for printing filr, scan velocitier are fixed thronghost a rectifization. The
reading scan pattern i: developed to perform a given geonetric transforma-
tion. It can be scen that when a constant scale line irrage s printed by a
fixed velocity spot scan, the pickup sweep iz not linear for a variable ocale
negative image. To use linear zweeps for reading, line scans are kept
short {less than 1/8 inch on the negative) to result in negligible error from

variation in negative scale.

¥ ‘ B, Lol
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ihe relative printing and roading scan patterns for the rectification of
an oblique photograph are illustratcd in ¢igare 3. 1'he keystoned grid illus-
trates a rectangular gria transformea by onlique photography.

in sigure 3, the Yr axis is selected as the principal line of the negative
in'age. the Xr axi» is a perpendiciidar coorainate through the principal point
of the photograph. A characteristic of cblique and panoramic photography i-
that straight lines (Yr = constant) transforn. into straicht lines {Yp = constant).
For information on the geometry nf rectification sce Reference 1.

To perforn: a rectification, the line scan (. ¥) ar nlitude and direction -
and the lens scan position (Xr and Yr) rrust be controlled by the following

drinting scan constants-

Y= T Y = 1y ez leosith :
i ?{n-1) ’
Yo, Yo, ¥Yp,, ¥ nosition of center line of each strip scan ""
: i P p(n-l) )
XO = starting position of strip scan
Xn xp Xp,, X - = avenly spaced scan positions for checlin
it 11 i Z' & 30 p{n_ 1) Y < p g

Soeding oirin soan pousition,

Ihe reading line scan _ K is produced by adding its commponent. _Yr
and - xr in the flying spot scanncr deflection yoke. <#or cblique and pano- -
ramic rectifying transformations, it can be shuwn that A Yr is constant for
any strip scan pousition (Ypo, YPI' eic. ) and that " Xr =1 Xp where X is a
constant determined for any strip scan position (Yp

Yp., etc.). The sweep

0’ v’

amplitude A Xr varies continuouasly as an analog of lens position (X).

The position of the strip scan (reading lens) can be computed by inte-

*
grating the scan rate Xr from a previously known position. (The ratio of
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.
ronn valocitios %S is conatant for aay strip scan for rectification of oblique
or panoramic images.) [hc accuaracy of the computed position can b. im-
aroved if it is checiced at precornputed points I'Iro, Xrl, etc. when the pri~t-
ing lens is at positions XpO, }{pl, ztc,, respoctively.

The position of tha negative plateu (Yra, le’ ‘x'rz. «..) i3 depandent
only upon print table position (Y‘po, Ypl, sz, ste.}). TThese positions can be
precomputed to command the position of the aegative for succe.szive otrip
scans. The accurate computaticn and control of scans has indicated the use

of a numerical control systen: similar to that eniployed for auton .atic contonr

milling.

De sign

4 functional diagran: of the photo rectifier is shown in Figure 4. The
photo transmission system consiut: of reading and printing flying spot scan-
nerz and the video link. The scanning mechanism includes the cynchronized
elsctronic sweeps and tho precision lens drive and filn indexing syastem.
The programming systen: continuously comiputes and commands the position

and velocity of scanning from numerical data on punched tape.

Photo Transmission System

The photo transmission system is basically a closed-loop television
eystem, The negative is read by a flying spot scanner (using a cathode ray
tube and a photomultiplier). A projection quality cathode ray tube is used
for reading. The video signal is displayed and the display is optically rs-

duced on the photographic print. Less resoclution is required for printing,




i
I
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<ince the maindmuop negative scale cnlargercent i 47, (4 70 roas negative iz
~nlarged to a positive transparency o= 7-1/2 inch filn,)

~he osruacanal conzideration in the photo iransmiseion dezign weae good

rr ~lotoon with a reasonable exposure range. v )% Te ran:. (9T .. G
Ziomra . . 1. .. lin.izd by the sdanai-vs-and ratie of the vicoo cipgnel and
B DYANLINE e A o s

nana ¢ cveth a matching photor-vlinlisry.

w irrprove the oo oabtinn the aathous ray ¢ o trac. wn ondisally re-
woowi @), The reoocctioe in light ratherod ra2ducza the dienal 2ot the
shoter (liinlisy,  Adec.ate inproverant in light was achisve:d throueh the ke 0
of a larye anare-re nrojection lens ana by & icanning raster (az sovosed to &

line trac:) on the cathode ray tube.  he rast=r scan reduced sho shor fatipue

{fror. ren-atew zoansz) and npermittea insreases bean current. . inco ths ver-

vical or sirip scan iz nrirarily »:ads By translating the lens, tho lons no=ition

an.t velocity were compenzated to correst {rnr the raster szcan. =
necial attention was alue given to filtering and the regulation of nower =

supnpllexn,

scanning Mechani m:

The method of :canning is ~hown in Tigure 4. Cathode ray tube displays
are optically projected for line scanning. The projection lens [ trenzlaied

to produce strip zcan:z; and film is moved to cover a sequance o adjmcent

contigiuous strip images.
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iine scans ar: generated fror a comimon sweep voltage gencrator.
“he orinting kinc cope sweepd is fixed in amplitude and orientatisn. The
linear rcading «ani. varied in amplit..de and rotation by driving horizontal
and vertical deflection coils with the conpuisa sweep zignal conpoanent:.
his o oathoo 9 woe-s roation oin.plifies the rzading sweep arnplitiue cor -
cation and aloo car ses negligible drift in the sweed cenler puonion.

cria scans ars drodeced by nooving the srojection lens carriage on a

srooLaion fead JTeW @il Way . L Toolodfal srds TefaaIie 15T aceoTacy 3 a0
i AR 8l=ic Lo caiatain focu Voo anirize tho veloclry sry Ly ol th ¥l
Viloa aast alss to cradatain foce.. Lo raniraase L volodlly T LT L1 lhe scan

cyeoroe chaniss, et riding oa the lead serow were threades over a lad

1]

Sy

.

{

.
<

'

{

14

b

‘

| [raizly position dhe roawiag

ILLEGIB

tasle {aegative) aster cach «irip scan.

al wontrol

The method of nus.erical control 1. indicated {n Figurs 4 ostlection:
signals at the pickup cathode ray t:be ar> attenvated by tade controlied atten-
sators consisting of relay. and pracizion resistors. “ne deflection corpon-
ent is also attencated as an analog of lens position.

The reading platen is positioned by a serve syster~. Thi: i accowr -
plished by coriparing its nuruerically encoded position with prograrm tape
commands.

To perform: the imags rectification, it is necessary to control the read-

ing lens position as a function of the printer lens position at any instant in

I



Approved For.ease 2002/06/17 : CIA-RDP78BO474A00600080052-1
12

tire. Figure 5 shows how the desired reading lens position is coatinuocsly
coruputed and registered. At the inetant the printing lens reache a starting
»r reference position, the de:ired numerical reading lens pozition (for a
aecific ~can) is read frorn the tape and registered in the reference position
Sonnter,

ys-ition pulue generator «:cits a oulte tov a minute increment of len.
tsolacement. A count of these Dosition 5alies is a drecine indication of dis-
slacarrent and the pilse rate ic analogou: to the lenc velocity.

.y orograminung the ratio of strip scan velocity, a prise rate can be
sroducad analoen.s ro the reading »can velocity. i'his is acconpliched by
rooleinlying the oulse frequency and dividing it with a progran .ev cornter.
4fter -he initial len: »osi.ion is registered bv a counter, sach puise of ready

velocity analog is added in the counter. hz coonter continuouuly regizters

nly a minute error can res:lt fror. the method of corcauting 2ilse ¢
frcquency, since only a finite number of velocity ratins can be numerically
psrogrammed. In order to prevent the accom:lation of a significant error,
the registered position in the counter iy corrected from the »unchad tape
data at frequent intervals (better than 3 tines per inch of readuer lens travel).

I‘Ee reading len position is controllel by the reference counter indica-
tion. Figure 6 -hows the lens servomechanism. The lens position is nu-
merically encodod by integrating its pulse rate velocity analog fror an initial

reference position. The position is registered by a true position counter.

After comparing the cornmanded and controlled positions, the numerical
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i
Approved For.ease 2002/06/17 : CIA-RDP78BO474Q00600080052-1
I8

error is convertzd to a voltage analog. The lens velocity ic determined by
che: covputed velocity analog {with a valocity servo loop) and the arroar Jlgnal
yrovide s nosition control. Acceleration and rate damping enable the use of a

table high servo gain with minir-ur contrel =rror,

he perforr:ance of the phote reciificr oo odel har beea s cas= red by its
shotographic results.  Uhe principal re::lt wa the rectification of pansramic
shoteeranhs.  #n acrial vhotograoh froxn. a Danorar ic cer=ra i : ~howa in
Jigure 7a. Lhe reciified 1roage is shown in figure 7b. I'he original rectifi-
cation was rediaed . pelore maxing the half tone print shown in igore 7b.

The overinid pricoc indicate the nature of the roctifying transforr ation.

verall systers resolution was reepsnrod by dDlacing a Standara Adr
orco Reeolution Chart in the negative fil- platon and arinting it <> enlarg:d

.3

The result was further enlarged 3¥ in a photo salarger aud ~hown in Figire
3. The 10 and 32 line per n:illimeter targsets are circled chowing they were
resolved.

The reading resolution was determined by rncacsuring the video signal
rize tire when scanning a sharp edge in the negative plane (a test reticule).
This measurerient showed that 2000 T.V. lines per inch were well recolved,

which results in 40 photographic lines per millinieter {accepting 2 T. V. lines

per 1 photographic line}). (The method of nmeasuring reading resolution was

taken from Refercnce 2,)
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Approved For fease 2002/06/17 : cia-RDP788047400600080052-1
18

"he printing asy.ten: resolution wa. meas:red by generating a dot pattera
on the nrinting 3rine‘3cc>)‘pc. Better than 20 photo lines per raillive =tor were ro-
solved oan the srinted nattern. This corresnonded to 80 ling: ser rillir eter
with rzsd2ct to the negative scale aftor 4X conlarpement. Photogrash: were

‘-

anlaread 4% (at the nadir 20int) as well a being rectified. Thi» sub stantially

reuseed degradation of image detail by the lir itation in dSrintine recolution. S

2Xpos.re Rangs
The ©.e of ootical redaction pedorcosn the eifective 11l 5 ination from the

cathods ray tvope:. rowever, for printing, the lighi availaible wa. adeguate to

I 1y cxoose with the & oA 30 filn saed. ET
‘he dynaric range o1 exposure was better than 20:1, that is, the vari-

ation in the dennity of the rectified irnage wae less than 1-1/2 log wnit.. The

arincipal exposare range limitation i the -ignal to noise ratic at the photo-

rrcltinlier output.

“sther “hotographic “haracteristic:

Cwverlapping scans were used to rrinindze ovidence of zcanning lines in
ths orint.  After 167 enlargement, 2vidence of scanning can be detectsd. Re-
ferring to Figures 7(a) and 7{(b), lines appearing in this photograph were
caused by a 6¢ CPS interfarence with the magnstic deflection field.

From Figure 7(b), the =ffect of strip scanning is quite apparent. Thae
strip effect is accented in thi:z figure by improper shading adjustment and

also by an inadequate A.G. C. circuit. Nevertheless, lines joining the image

do detract {rom: the appesarance. This is justified for reconnaizsance purpo.es




i
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wheras appearance is secondary and the image transformation cannot oitherwise
be accomplished with adequate resolction or placement accuracy. Ivo atterapts

were made to soften the strip effect by cormb mattes or variable density edges.

Placercent Acc:racy

The placement acc racy desired for this cquipment is the location of any
image elerment within . 719 inch from. its ideal dositien, determinel with re-
spect to the limage elernent position on the negative and the rectifying trans-
furmation.

The slacerent accuracy achieved is attributed to precision mmechanisms
an:t numerical control. Line zcans nrod-iced by a cathode ray tibe were short;
error. occurring from non-linecarity in sweeds (less than 1%) accoonted far a

minute error.

Speed of Operation i

The rectification of an :ntire pancrar.ic photograph such a: shown in
Figure 7(b) requires 40 minute.. ..xcepting -can retrace time, which re-
quirea almost 5C7% of the total time, the time required is limited by the reso-
lution, format size (70 mm x 7 inches), and video bandwidth (250 <) used.
A significant reduction in scanning time will be limited by the accuracy re-
quired and the clock frequency used in nurrcrical control. At present, the

computing cloclk frequency is 1 MC/s and the computation error is less than

0. 00025 inch.
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General Considerations

The scanning method used her: n.ay be extended to more difficult trans-
formations, such as earth's c.rvature corrections. This will require rmiore
con:plex scans; non-linear scans will be required. The nun:erical control
syster. employed can be . zed for precise drogramn.ing of non-linear motion.

The principal re:traint to higher resolution in scanning rectifier: or
shote transmiission systercs in general iz available light from srall flying
apertures in reading scanner:. The achicvement of a rezolution of 32 photo-
graphic lines per millin =ter is not represented as a limitation, bt it re-
quired some rediction in the range of exposure {toc 20 or 30 to 1),

Keaferencs !. Manual of Photograr . mietry, Chapter VI, A erican
Jociety of Photogrammetry.

STATINTL

Feference 2. Cathode Ray Tube Recording Symposiurm, Jan. 13-74,
STATINTL

1953, "methods of Determining - pot Slze

Reference 3. ~“Imulsion 3ensitivity fcr the “hotography of Cathode

Ray Tubes" by R. W. Tyler and F. C. Tisen, Journal of Society of Motion

Picture and Television kngincers, Agril, 1257, STATINTL

Refarence 4. 'System Design of I"lying Spot ltore ,

Technical Journal, March, 1959.
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ILLUSTRATIONS

STATINTL
PHOTCGGRAPHIC RECTIFICATION BY IMAGE SCANNING

By

Figure 1. Optical Rectifier-Printer

Figure 2, Photo Rectification By LHcanning

Figure 3. 35canning Pattern For An Cbligre Photograph
Figure 4. Functional Diagram, Scanning “sction
Figure 5. 3Scan Position And Velocity Computer

Figure 6. lLens Scan Servomechanism

Figure 7(a). Results - Before Rectification (1:1)
Figure 7(b). Results - After Rectification

Figure 3. Resolution Chart
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RECT{FIED
PRINT

FIGURE 1. OPTICAL RECTIFIER-PRINTER
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FIGURE 3.
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FIGURE 7(z). RESULTS - BEFCRE RECTIFICATION (1:1)
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